Major depressive disorder (MDD) is associated with risk for chronic pain, but the mechanisms contributing to the MDD and pain relationship are unclear. To examine whether disrupted emotional modulation of pain might contribute, this study assessed emotional processing and emotional modulation of pain in healthy controls and unmedicated persons with MDD (14 MDD, 14 controls). Emotionally charged pictures (erotica, neutral, mutilation) were presented in 4 blocks. Two blocks assessed physiological-emotional reactions (pleasure/arousal ratings, corrugator electromyography (EMG), startle modulation, skin conductance) in the absence of pain and 2 blocks assessed emotional modulation of pain and the nociceptive flexion reflex (NFR, a physiological measure of spinal nociception) evoked by suprathreshold electric stimulations. Results indicated pictures generally evoked the intended emotional responses; erotic pictures elicited pleasure, subjective arousal, and smaller startle magnitudes, whereas mutilation pictures elicited displeasure, corrugator EMG activation, and subjective/physiological arousal. However, emotional processing was partially disrupted in MDD, as evidenced by a blunted pleasure response to erotica and a failure to modulate startle according to a valence linear trend. Furthermore, emotional modulation of pain was observed in controls but not MDD, even though there were no group differences in NFR threshold or emotional modulation of NFR. Together, these results suggest supraspinal processes associated with emotion processing and emotional modulation of pain may be disrupted in MDD, but brain to spinal cord processes that modulate spinal nociception are intact. Thus, emotional modulation of pain deficits may be a phenotypic marker for future pain risk in MDD.
Introduction
Major depressive disorder (MDD) is associated with increased risk for chronic pain [3, 17, 45] . Given that supraspinal regions involved with emotional processing are interconnected with those involved with pain and pain modulation [59, 76, 85] , one factor that might increase pain risk in MDD is a disruption of these supraspinal processes and thus emotional modulation of pain.
In healthy participants, pain and nociception (like startle) are emotionally modulated according to a linear trend that covaries with picture valence [61, 68, 70, 72] . Specifically, pain outcomes evoked during pleasant, neutral, and unpleasant pictures show the following pattern: pleasant < neutral < unpleasant (but like startle [11, 13, 22, 23] , comparisons with neutral are not always significant [67,70,71]). We originally hypothesized that ''healthy'' emotional modulation would involve augmented pleasure-induced pain inhibition and attenuated displeasure-induced pain facilitation [69]. However, this was revised after we observed that persons with fibromyalgia (FM) [62] and insomnia (a chronic pain risk factor) [21] failed to show the valence linear trend (ie, pleasant = neutral = unpleasant). We now believe it is adaptive to be able to down-and up-regulate pain according to a linear trend in order to respond flexibly to the environment [83] . Sometimes it is helpful to dampen pain (eg, during consummation, procreation), whereas other times it is helpful to enhance pain (eg, improving pain detection, promoting recuperation) [9, 29, 44, 83] . Interestingly, the FM and insomnia groups both showed the valence linear trend modulation of the nociceptive flexion reflex (NFR, a measure of spinal nociception), suggesting that the disruption occurs at the supraspinal level where pain is perceived rather than the spinal level. Thus, a failure to show the linear valence modulation of pain may be a phenotype for pain risk.
At least 4 lines of evidence suggest emotional modulation of pain should be disrupted in MDD: (1) affective disturbance is an essential feature of MDD [2] and is often present in chronic pain
